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Abstract

Background: Potential biologic therapies for chronic rhinosinusitis (CRS) is a growing field of interest and research.
Biologics target specific immune cells or inflammatory pathways within a disease process, increasing drug efficacy while
reducing complications. The success of biologics in other inflammatory conditions such as asthma and atopic dermatitis has
spurred much of the corresponding research in CRS. A rapid expansion in the volume of research concerning biologic
therapies with potential crossover to treating CRS has made it difficult to stay current. Furthermore, much of the literature
has been focused on allergy, asthma, and immunology subspecialties. As the role for biologic therapies in CRS continues to
expand, it is increasingly important for otolaryngologists to remain up to date on their progression.

Objective: The objectives of this review are to provide an update on the growing field of biologics for otolaryngologists
who treat CRS and discuss potential future areas of research.

Methods: A literature review of biologic therapies studied in CRS was performed. In addition, a detailed review of all
biologic therapies targeting inflammatory markers involved in Thl-, Th2-, and Thl7-mediated inflammation was performed
to identify potential areas for future research. The role for biologic therapies in CRS, endotypes of CRS, current biologic
therapies studies in CRS, and future areas for research were reviewed.

Results: Sixty-nine unique biologic therapies have been developed for Thl-, Th2-, and Thl7-mediated inflammation. Five
biologics are currently being investigated for use in patients with CRS with nasal polyposis.

Conclusions: As the field of biologics continues to expand, remaining up to date on the current literature may help
clinicians identify patients who may benefit from biologic therapies. In addition, ongoing research in other inflammatory
disorders with shared pathophysiology to CRS may reveal other potential therapies for CRS that have not previously been
investigated.
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Introduction therapeutic options to treat one of the most prevalent,
costly and crippling chronic inflammatory diseases.'*>
However, as the pathophysiology underlying this disease

process has been better defined, the potential for

Chronic rhinosinusitis (CRS) is a common inflammatory
condition affecting the paranasal sinuses.' According to
current consensus guidelines, patients with CRS are ini-
tially treated with appropriate medical therapy, and
patients with persistent symptoms may elect to pursue

endoscopic sinus surgery (ESS).'? However, not all
patients with CRS are alike. Some patients respond to
medical management alone, others benefit from a com-
bination of surgical and medical therapy, and others fail
to gain control of their symptoms despite varied combi-
nations of medications and revision surgeries.’
Physicians treating CRS currently have limited
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personalized targeted therapy to treat CRS is beginning
to emerge.6’7

Biologic therapeutics target specific immune cells or
inflammatory pathways within a disease process, theo-
retically increasing drug efficacy and reducing complica-
tion rates compared to traditional therapies.® Several
biologic therapies have been developed and approved
for use in patients with severe recalcitrant asthma, as
well as atopic disease, with clinical trial data showing
tremendous efficacy in controlling the associated under-
ling inflammation.”' Atopy and asthma are common
comorbidities in CRS, and asthma has significant over-
lapping pathophysiology with CRS with nasal polyposis
(CRSWNP).""19 As biologic therapies were undergoing
early investigation for asthma, patients with concurrent
CRSwNP were noted to experience incidental improve-
ments in their sinonasal symptoms.'' Subsequent clinical
trials focused on the effects of biologics on CRSwINP
demonstrated groundbreaking improvements in polyp
burden.'*'* This effort led to a rapid expansion in the
volume of research concerning biologic therapies and
their potential role in treating patients with CRS, with
research findings outpacing peer-review publications,
making it difficult to stay current in the field.
Furthermore, much of the available literature can only
be found in the allergy, asthma, and immunology liter-
ature. The objectives of this review are to provide an
update on the growing field of biologics for otolaryngol-
ogists who treat CRS and discuss potential future areas
of growth in our specialty.

The Role of Biologic Therapies for CRS

Patient Selection

Biologic therapies are currently being investigated for
patients with recalcitrant disease with nasal polyps.
While the majority of patients receive significant benefit
from appropriate ESS, a proportion of patients will con-
tinue to suffer despite continued postoperative medical
therapy.”!*!> These patients typically have more severe
phenotypes of CRS, such as aspirin-exacerbated respira-
tory disease, severe combined upper airway disease,
immunodeficiencies, and/or systemic inflammatory dis-
eases.'® Ultimately, the inflammation in these patients is
challenging to control and often requires multiple or
continuous courses of oral corticosteroids, revision sur-
geries, or less utilized medical therapies such as topical
antibiotics or surfactants.> Given the limited evidence
available, as well as the lack of clear guidelines and indi-
cations, these recalcitrant patients are the current targets
for biologic therapies. The majority of research and
development is currently focused on CRSwNP, although
clinical trials on the effects of biologics in eosinophilic
CRS are also underway.®%!”

Benefits of Biologic Therapies

Corticosteroids have become the cornerstone of medical
therapy for CRS. While topical intranasal corticoste-
roids are considered safe for long-term use, systemic
corticosteroids are associated with significantly more
risk.! Long-term or high-dose systemic corticosteroid
use is associated with multiple complications including
adverse changes in bone mineral density, adrenal sup-
pression, avascular necrosis, cataracts, and psy(:hosis..18
The dose required to put patients at increased risk
remains unclear, but in general, multiple courses of sys-
temic corticosteroids should be used cautiously in
patients with CRS.'® In addition to the potential of bio-
logic therapies to control inflammation in recalcitrant
patients, they could also potentially reduce systemic cor-
ticosteroid use.'” Biologics are a particularly attractive
avenue for patients who require multiple doses of sys-
temic corticosteroids for disease control or become
dependent on systemic corticosteroid. Having less sys-
temic effects, these targeted therapies are aimed to
decrease the inflammation that corticosteroids are pre-
scribed to treat, potentially decreasing the use and sub-
sequent risks of systemic corticosteroid use. The risks of
biologic therapies will be discussed separately later, after
the individual therapies have been introduced.

Endotypes of CRS

Historically, CRS has been divided into 2 distinct phe-
notypes: (1) CRSWNP and (2) CRS without nasal polyps
(CRSsNP).! It is becoming clear that this is a gross over-
simplification of a broad and diverse disease. Growing
evidence has emerged suggesting multiple endotypes
exist within CRSsNP and CRSwWNP.* In the context
of biologic therapies, it is appropriate to discuss CRS
endotypes based on their inflammatory pathophysiolo-
gy, whereby 3 main inflammatory pathways have been
identified: Thl, Th2, and Th17 (Figure 1).'"® Thl-driven
inflammation is generally associated with CRSsNP and
predominately characterized by increased neutrophils,
which is associated with myeloperoxidase, and elevated
levels of interferon (IFN)-y, interleukin (IL)-2, and
tumor necrosis factor (TNF)-2.%!® Th2-mediated inflam-
mation is associated with Caucasian patients with
CRSwNP and primarily characterized by increased eosi-
nophils and elevated levels of 1L-4, IL-5, IL-10, IL-13,
and eosinophil cationic protein.®!'®** Immunoglobulin E
(IgE), which is associated with allergic hypersensitivity,
is also typically elevated in patients with CRSwNP.>*
The Th17 pathway was recently described to be domi-
nant in Asian patients with CRSwNP and is associated
with increased expression of IL-6, IL-17, IL-22, and
TNF-x.>"?? Recent research has suggested that these
pathways may be dominant or mixed in patients with
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and Th17) with corresponding innate and adaptive immune modulator targets for biologic therapies. The bolded letters indicate biologic
therapies that have been approved for other inflammatory conditions with overlapping pathophysiology or are in clinical development for
CRS, as referenced in Tables | and 2. CCL, C-C motif chemokine ligand; CRSsNP, chronic rhinosinusitis without nasal polyposis; CRSWNP,
chronic rhinosinusitis with nasal polyposis; B, B cell; DAMP, danger-associated molecular pattern; DC, dendritic cell; IFN, interferon; IgE,
immunoglobulin E; IL, Interleukin; MC, mast cell; MHC-I, major histocompatibility complex class I; MHC-II, major histocompatibility
complex class Il; OX40L, OX40 ligand; PAMP, pathogen-associated molecular pattern; ThO, T helper cell type 0; Thl, T helper cell type I;
Th2, T helper cell type 2; Th17, T helper cell type 17; TSLP, thymic stromal lymphopoitein.

CRS, resulting in primarily eosinophilic or noneosino-
philic inflammation.?® This pathophysiology is impor-
tant to consider in the context of the mechanism of
action of biologic therapies. Given that a substantial
amount of literature addresses the evolving definitions
of endotypes and phenotypes in CRS, this review will
focus on available biologic therapies and potential for
future development.

Current Biologic Therapies for CRS

The biologics currently in clinical trials for CRS are
focused on patients with CRSwWNP due, in part, to its
overlapping pathophysiology with that of asthma.'’
There are currently no biologic therapies under
investigation for noneosinophilic CRS nor for Thl-
and Thl17-mediated inflammation in CRS. Five mono-
clonal antibodies targeting CRSwNP, 3 of which are in
phase 3 and 1 of which is in phase 2 clinical trials for

eosinophilic CRS, will be discussed with respect to their
biological target.'>!?**-** Table 1 details the therapies
currently under investigation for CRSwNP, while
Tables 2 and 3 describe all biologic therapies under
development for other Th2- and Thl-mediated inflam-
matory diseases, respectively. The majority of these
drugs have not been examined in CRS patients; thus,
information regarding clinical trials was limited to the
5 drugs that have been examined for use in CRSwNP.
The goal of Tables 2 and 3 is to highlight the research in
other fields that may spark future research related
to CRS.

Anti-IL-5 Therapy

IL-5 is essential for eosinophil survival, growth, recruit-
ment, and activation.®? Three monoclonal antibodies
have been developed which target IL-5. Reslizumab
and mepolizumab are currently in phase 3 clinical



Smith et al.

415

Biologic Therapies Under Investigation for CRSWNP?

Table I.

Treatment

Sample Size

References

Side Effects®

Outcomes

Control Duration

Drug Treatment

Target

Gevaert et al.?

Headache (19%), injection site reaction (8%—15%), and

I. Reduction in polyp size

20 10 4 Weeks

Mepolizumab

IL-52

hypersensitivity reactions (|%—4%)
Transient increase in creatine phosphokinase (20%) and

Gevaert et al.?*

I. Reduction in polyp size

16 8 4 Weeks

Reslizumab

anaphylaxis (< 1%)
Injection site reaction (45%), headache (6%—12%), naso-

Pinto et al.'?

I. Reduction in polyp size
2. Improved CT scores

16 Weeks

16

Omalizumab

IgE€

pharyngitis (9%), cardiovascular complication (PE, DVT,

MI, unstable angina; <3%), and anaphylaxis (< 1%)
Injection site reaction (10%), conjunctuvitis (10%), HSV

Gevaert et al."?

I. Improved CT scores
I. Reduction in polyp size

24 Weeks

Bachert et al.2®

30 16 Weeks

Dupilumab 30

IL-4RoP

(2%—4%), and hypersensitivity/serum sickness (<1%)

2. Improvement in symptoms

Abbreviations: CRSWNP, chronic rhinosinusitis with nasal polyposis; CT, computed tomography; DVT, deep vein thrombosis; IgE, immunoglobulin E; IL, interleukin; MI, myocardial infection; PE, pulmonary

embolism; Ro;, receptor alpha subunit.

?Only randomized control trials.

®Most common and/or serious adverse events.

trials for treating CRSWNP.!” Systemic delivery of these
biologics has demonstrated a significant reduction in
polyp size measured using nasal endoscopy with concur-
rent reduction in peripheral eosinophil counts.?****
Unfortunately, neither medication resulted in significant
symptomatic improvement in phase II trials.>*** These
studies were limited by small sample sizes, a short dura-
tion of patient follow-up, and the absence of disease-
specific quality of life (QOL) measures such as the
sinonasal outcome test-22 (SNOT-22). Such additions
to the phase 3 study design may help gauge the utility
of these medications for the management of CRSwNP.

Having a similar targeted strategy, benralizumab was
developed for the treatment eosinophilic asthma and has
completed phase 3 clinical trials.>® Benralizumab is an
antibody against the IL-5 receptor, and its treatment has
exhibited improvement in asthma symptoms and lung
function as well as reduction in annual asthma exacer-
bations.®* A phase 2 clinical trial examining the effects of
benralizumab in ecosinophilic rhinitis began in 2016;
results are pending.*?

Anti-IL-4 Receptor o Therapy

IL-4 serves key roles in the immune response of fibro-
blasts and polyp formation in CRS.? Dupilumab was
approved for atopic dermatitis and is a monoclonal anti-
body to the o subunit of the IL-4 receptor (IL-4Ra) that
inhibits signaling of IL-4 and IL-13.%° IL-4 and IL-13
have overlapping roles in the pathogenesis of inflamma-
tion, in part due to their shared receptor affinity for IL-
4Ro.® A randomized control trial that examined the
effects of dupilumab in CRSwWNP patients versus place-
bo demonstrated significant improvements in polyp size,
disease-specific QOL, as measured using the SNOT-22
score, and objective olfactory function.? This study was
limited by sample size and short duration of patient
follow-up. However, dupilumab is the only biologic
under investigation for CRSWNP that has been shown
to improve disease-specific QOL and is currently in
phase 3 clinical trials, representing a promising potential
biologic therapy for CRSwNP.*?

Anti-IgE Therapy

IgE is produced by plasma cells in response to a variety
of stimuli, including allergen exposure. The specific role
of IgE in the pathophysiology of CRSwWNP remains
unclear; however, increased levels of IgE have been mea-
sured in patients with CRSwNP with atopy and
increased eosinophils.***3 IgE is a potent inflammatory
mediator responsible for mast cell activation, further
exacerbating inflammatory signaling.*® Omalizumab is
an anti-IgE monoclonal antibody approved for use in
moderate-to-severe uncontrolled allergic asthma and
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Table 2. Biologic Therapies Targeting Th2-mediated Inflammation.

Target Drug Indication References
IL-54 Mepolizumab Asthma® Gevaert et al.??
EGPA, COPD, CRSWNP, hypereosinophilic syndrome, atopic dermatitis®
Reslizumab Asthma® Gevaert et al.?*
CRSwWNP, EGPA®
IL-5Re™ Benralizumab Asthma, COPD, EGPA, hypereosinophilic syndrome, eosinophilic CRS® Tian et al.?
IL-5RpA TPl ASM8 Asthma® Imaoka et al.?’
CCLI1B Bertilimumab Bullous pemphigoid, CD, UC, atopic dermatitis, nonalcoholic steatohepatitis, Rosenwasser et aI.ZB;
macular degeneration® Gonzaloet al.?’
Allergic rhinitis, ovarian cancer®
IgE< Omalizumab Asthma, urticaria® Belliveau®®
CRSWNP, mastocytosis, nephritis®
Ligelizumab Asthma, bullous pemphigoid, urticaria® Arm et al.?!
Atopic dermatitis®
Quilizumab Asthma, allergic rhinitis, urticaria® Harris et al.32
IL-4° Pascolizumab Asthma“ Kau and Korenblat®?
Altrakincept Asthma, allergy, GVHD® Kau and Korenblat®?
IL-4RoP Dupilumab Atopic dermatitis® Kau and Korenblat®3
CRSWNP, asthma, eosinophilic esophagitis®
AMG 317 Asthma“ Kau and Korenblat®?
Pitrakinra Asthma, atopic dermatitis® Kau and Korenblat®?
IL-13E Lebrikizumab Asthma, atopic dermatitis, alopecia areata® Kau and Korenblat®*
COPD, idiopathic pulmonary fibrosis, UC®
Tralokinumab Asthma, UC® Kau and Korenblat®?
Anrukinzumab  Asthma“ Kau and Korenblat®3
GSK679586 Idiopathic pulmonary fibrosis, systemic scleroderma® Kau and Korenblat®
IL-4/IL-13PF  SARI156597 Asthma, atopic dermatitis® Kau and Korenblat®
TSLPF Tezepeluma® Asthma, Allergic rhinitis® Gauvreau et al.*
OX40L® Oxeluma® Asthma® Paller et al.*®

EGPA, COPD, CRSWNP, hypereosinophilic syndrome, atopic dermatitis®

Abbreviations: CCL, C-C motif chemokine ligand; CD, Crohn’s disease; COPD, chronic obstructive pulmonary disease; CRS, chronic rhinosinusitis;
CRSWNP, chronic rhinosinusitis with nasal polyposis; EGPA, eosinophilic granulomatosis with polyangiitis; GM-CSF, granulocyte-macrophage colony stim-
ulating factor; GVHD, graft versus host disease; IgE, immunoglobulin E; IL, interleukin; OX40L, OX40 ligand; Ra, receptor alpha subunit; Ral, receptor
subunit alpha type |; Rf, receptor beta subunit; TSLP, thymic stromal lymphopoitein; UC, ulcerative colitis.
*Approved for use (see references for specific indications).

bCurrentIy under investigation for clinical use for this indication.

“Discontinued for this indication.

chronic idiopathic urticaria.**” Two randomized control
trials have evaluated the efficacy of omalizumab in
CRSwNP, one of which reported a small improvement
in polyp size and symptoms, while the other did not
show any clinical benefit.'>'**¢ Similar to the above
studies on biologics in CRS, however, both are limited
by sample size and a lack of long-term follow-up. Phase
3 clinical trials for the treatment of patients with
CRSwNP with omalizumab are ongoing.**

A recent study examined the effects of omalizumab
therapy in patients with CRSWNP,'? wherein 25 patients
with severe asthma and comorbid CRSwNP undergoing
omalizumab therapy for their pulmonary disease were
evaluated. The rates of antibiotic prescriptions for sinus-
itis before and after omalizumab treatment were investi-
gated, and a significant 37% reduction in antibiotic
utilization was identified. A reduction in oral steroid

dependence also resulted from omalizumab therapy, as
63% of patients decreased their corticosteroid use while
on omalizumab."® This study supports the idea that bio-
logic therapies may have additional benefits by reducing
health-care utilization. Additional studies with larger
sample sizes will help determine additional indirect ben-
efits of anti-IgE therapies.

CRS and Inflammatory Conditions With
Overlapping Pathophysiology: Potential
Future Biologic Targets

Multiple biologics are under evaluation or approved for
use in inflammatory diseases with overlapping patho-
physiology to that of CRS such as atopic dermatitis,
eosinophilic asthma, chronic urticaria, and eosinophilic
esophagitis.*® As described, asthma research has
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Table 3. Biologic Therapies Targeting Thl- and Th|7-mediated Inflammation.

Target Drug Indication References
IFN-yH Fontolizumab Autoimmune disorders, CD, psoriasis, RA* Reinisch et al.3®
Emapalumab Hemophagocytic lymphohistiocytosis® Prof et al.?’
AMG 811 Discoid lupus erythematosus, psoriasis® Werth et al.3®
IL-1p Canakinumab Still’s disease, CAPS, FADPF, familial Mediterranean fever, arthritis, Rondeau et al.>’
juvenile RA, peroxisomal disorders®
Behcet’s syndrome, CVD, abdominal aortic aneurysm, atherosclero-
sis, OA, peripheral arterial occlusive disorders, pulmonary sar-
coidosis, sickle cell anemia, diabetic retinopathyb
Asthma, polymyalgia rheumatic, RA, type | DM, type 2 DM*
Gevokizumab Uveitis, acne, CVD, diabetic nephropathies, giant cell arteritis, laby- Owyang et al.*
rinthitis, myositis, OA, Schnitzler syndrome, scleritis”
Pyoderma gangrenosa®
LY 2189102 CVD, RA, type 2 DM? Sloan-Lancaster et al.*'
Rilonacept CAPS© Kapur and Bonk*?
Anemia, cardiovascular disorders, gout, juvenile RA, OA, polymyalgia
rheumatic, RA®
IL-1o/IL-1 8 Lutikizumab OAP Medicine UNLo*
IL-IR' Anakinra RA, CAPS* Fleischmann et al.**
Still's disease, juvenile RA, goutb
AS, GVHD, OA, pneumococcal infections, septic shock®
Isunakinra Allergic conjunctivitis, xerophthalmia® Goldstein et al.*
IP 1510 Cachexia” Ma et al.*
HL 2351 CAPS, RA® Medicine UNLo™®
IL-2Ro Daclizumab MS, renal transplant re]ectionb Shir‘ley47
Asthma, GVHD, hematological malignancies, immune-mediated uve-
itis, liver transplant rejection, psoriasis, tropical spastic paraparesis,
type | DM, UC*
Basiliximab Renal transplant rejection, transplant rejection® Kapic et al.*®
UG, uveitis®
Inolimomab GVHD® Socié et al.*’
Denileukin diftitox Cutaneous T cell lymphoma“ Kaminetzky and
Malignant melanoma, peripheral T-cell lymphoma® Hymes®°
Alopecia, atopic dermatitis, HIV infections, inflammatory bowel dis-
eases, MS, psoriasis, RA, transplant rejection®
ADCT-30I ALL, AML, Hodgkin's disease, non-Hodgkin’s lymphoma® ADCT-301"'
IL-6X Sirukumab Giant cell arteritis, asthma, lupus nephritis, major depressive disorder, Rovin et al.>?
atherosclerosis®
RA?
Siltuximab Multicentric Castleman’s disease® Bristol-Myers

Clazakizumab

Gerilimzumab
Olokizumab
Elsilimomab
OP-R003
FMI01
EBI-031

MM, paraproteinemia®

Myelodysplastic syndromes, Non-Hodgkin’s lymphoma, prostate
cancer, renal cell carcinoma®

Psoriatic arthritis, RA®

Anemia, cachexia, fatigue, stomatitis®

RA, autoimmune disorders®

RA®

Lymphoma, MM, posttransplant lymphoproliferative disorder®

Hematologic malignancies, RA?

CD, MM, RA®

Diabetic macular edema, uveitis®

Squibb®?

Bristol-Myers
Squibb®?
Gerilimzumab™*
Olokizumab®®
Fulciniti et al.>®
Fulciniti et al.>®
Business Wire®’
EBI-031°8

(continued)
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Table 3. Continued.

Target Drug Indication References
IL-6R Tocilizumab Giant lymph node hyperplasia, juvenile RA, RA Oldfield et al.>®
Drug hypersensitivity, giant cell arteritis, vasculitis, OA, systemic
scleroderma, amyotrophic lateral sclerosis, dermatomyositis, pol-
ymyalgia rheumatic, polymyositis, Schnitzler syndrome, CLL®
AS, CD, MM, pancreatic cancer, SLE?
Sarilumab RA® Huizinga et al.*°
Juvenile RA, uveitis®
AS?
Vobarilizumab RA, SLE® Vobarilizumab®'
Sapelizumab Neuromyelitis optica, RA® Sapelizumab®?
Olamkicept Inflammatory bowel diseases® Olamkicept®®
IL-17A" Ixekizumab Psoriasis® Frieder et al.**
Psoriasis, PA, AS, spondylarthritis, bullous pemphigoid, RA®
Secukinumab AS, psoriasis, PA® Jaleel et al.®
RA, alopecia areata, atopic dermatitis®
Asthma, CD, xerophthalmia, MS, polymyalgia rheumatic, type |
DM, uveitis®
CJM-112 Acne, hidradenitis suppurativa, psoriasis, MM, solid tumours, MsP Wiendl et al.®®
ALX-0761 Psoriasis Torres et al.®’
Bimekizumab AS, hidradenitis suppurativa, psoriasis, PA, RA, UC® Glatt et al.*®
IL-17R" Brodalumab Psoriasis, PA® Puig69
Spondylarthritis®
Asthma, CD, psoriasis, RA®
IL-22™ Fezakinumab Psoriasis, RA? Pfizer’®
Rituximab CLL, follicular lymphoma, Idiopathic thrombocytopenic purpura, Ciccia et al.”';
lymphoproliferative disorders, microscopic polyangiitis, nephrotic Adislnsight72
syndrome, non-Hodgkin’s lymphoma, RA, GPA®
Diffuse large B cell lymphoma, mantle-cell lymphoma, pemphigus
vulgaris, transplant rejection, neuromyelitis optica, glomerulone-
phritis, Sjogen’s syndrome®
Dermatomyositis, GVYHD, immune thrombocytopenic purpura, SLE®*
IL-22R™ ARGX-112 Autoimmune disorders, ovarian cancer, pain, renal cancer, Yamagata et al.”?
skin disorders®
IL-12/1L-23N Ustekinumab CD, psoriasis, Pa® arGEN-X"*
Spondylarthritis, UC, atopic dermatitis, SLE®
MS, palmoplantar pustulosis, primary biliary cirrhosis, RA,
sarcoidosis®
Briakinumab Psoriasis® Ding et al.”®
CD, MS, RA?
IL-23N Risankizumab Psoriasis, AS, asthma, CD, PAP Papp et al.’¢

Tildrakizumab

Guselkumab
Brazikumab

Mirikizumab
BMS-938790

Psoriasis, AS, PAP
Autoimmune disorders®
Psoriasis, PA, RA®

cDP

CD, Psoriasis, uch
Inflammation®

Reich et al.””

Gordon et al.”®
Sands et al.”’
ClinicalTrials.gov®
AdisInsight®'

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; AS, ankylosing spondylitis; CAPS, cryopyrin-associated periodic syndromes;
CD, Crohn’s disease; CLL, chronic lymphocytic leukemia; CVD, cardiovascular disease; DM, diabetes mellitus; FADPF, familial autosomal dominant periodic
fever; GPA, granulomatosis with polyangiitis; GVHD, graft versus host disease; IFN, interferon; IL, interleukin; MM, multiple nyeloma; MS, multiple sclerosis;
OA, osteoarthritis, PA, psoriatic arthritis; R, receptor; RA, rheumatoid arthritis; Ro, receptor alpha subunit; SLE, systemic lupus erythematosus; UC,

ulcerative colitis.

?Discontinued for this indication.
PCurrently under investigation for clinical use for this indication.
“Approved for use (see references for specific indications).
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revealed the utility of biologics in CRSwNP. However,
there are biologic therapies under investigation which
target the inflammatory mediators identified in other
CRS endotypes (ie, Thl and Th17 pathways). Many of
these agents are undergoing development and investiga-
tion for other indications (Table 2). Given the overlap-
ping targets with CRS-associated inflammation, these
biologics may provide potential options for future bio-
logic research specific to CRS. The following section
describes the inflammatory pathways associated with
Thl-, Th2-, and Thl17-mediated inflammation, the pre-
dominant pathways associated with CRS. The goal of
this section is to highlight the pathophysiology of CRS
and how it relates to potential future targets for biologic
therapies. A simplified schematic illustrating the patho-
physiology of CRS with respect to subtype and inflam-
matory endotype as well as corresponding biologic
targets is depicted in Figure 1.

CRSwNP is classically associated with Th2-mediated
signaling, where thymic stromal lymphopoietin (TSLP)
serves as a primary initiator of inflammatory activity.®
TSLP induces the expression of OX40 ligand (OX40L),
which causes the differentiation and activation of (CD4)-
positive T cells.** Both TSLP and OX40L have been the
target of recent drug development for treating asthma,
atopic dermatitis, and allergic rhinitis.>>*° TSLP and
OX40L are elevated in nasal polyp tissue and may play
an important role in the pathogenesis of CRSwNP.”!
TSLP also interacts with IL-1 to stimulate the secretion
of IL-5 by mast cells. The accumulation of soluble IL-5,
IL-4, and IL-13 induces the production of TSLP and
chemokines, such as eotaxins (C-C motif chemokine
ligand [CCL] 11 and CCL24), in epithelial cells, creating
a positive feedback loop of Th2-mediated inflammatory
signaling.”? The net effect of these cytokines/chemokines
results in the recruitment, activation, and enhanced sur-
vival of eosinophils, which are elevated in patients with
recalcitrant eosinophilic CRS.

Eosinophils have been identified as a potential target
for biologic development.® These therapies could poten-
tially be translated to eosinophilic CRS using a similar
rationale supporting the benralizumab and dupilumab
investigations in CRS. Chemokine receptors found on
eosinophil membranes and their ligands involved in acti-
vation are examples of targets in severe asthma.’
Bertilimumab (Table 2®) is an antibody that binds
CCLI11 (eotaxin-1), one of the most potent chemoattrac-
tants for eosinophil migration.”®* Bertilimumab has
been shown to reduce eosinophilia, and clinical trials
for this biologic are planned for severe asthma.?®%
Similarly, sialic acid-binding immunoglobulin-like
lectin (Siglec)-8 is a receptor found on mature eosino-
phils and when activated induces apoptotic cell death in
eosinophils.”® Anti-Siglec-8 antibodies are currently
under preclinical investigations.'”

CRSsNP is classically associated with the Thl path-
way, which is initiated by the release of IL-12 from den-
dritic cells and macrophages upon antigen exposure.?’
This promotes the differentiation of naive T cells into
Th1 cells that produce IFN-y and IL-2.”* IFN-y stimu-
lates neutrophil oxidative burst, phagocytosis, and che-
motaxis.” This pathophysiology is also seen in other
inflammatory conditions such as multiple sclerosis, pso-
riasis, and rheumatoid arthritis.”® The Th17 pathway is
also associated with CRSsNP; dendritic cells sense
pathogens and produce I1L-23.°7 IL-23, in combination
with IL-1p and IL-6 secreted from T cells, induces the
expression of IL-22 from various cells.”” 1L-22 works
synergistically with IL-17 from Thl7 cell and TNF-«
to produce cytokines/chemokines that induce down-
stream inflammatory effects, including the recruitment
of neutrophils.”’

These potent inflammatory mediators of Thl- and
Thl7-associated inflammation have been the focus for
biologic development in other chronic inflammatory dis-
eases. For example, IL-1, IL-1R, and IL-1o/IL-1f have
been targeted for treating rheumatoid or osteoarthri-
tis. >4 Several additional biologics are either
approved or under evaluation for treating rheumatoid
arthritis, including monoclonal antibodies against 1L-6/
IL-6R and INF-y.%%% Anti-IL-2R« therapies have
also been examined for use in multiple sclerosis.'®
Biologic therapies targeting IL-17, IL-12/IL-23, and
IL-22 are indicated for psoriasis and/or Crohn’s
disease 67-69:70.76.79.101

Each of these diseases shares a common inflammatory
pathway with CRSsNP, however, whether there is any
clinical relationship remains unclear.'>'* Additional
studies are necessary to investigate the potential relation-
ship between CRS and other inflammatory conditions,
which may further inform the diagnosis and treatment
options for patients with CRS.

Risks of Biologic Therapies

While biologic therapies are promising for CRS, they are
not risk free. The majority of research on these therapies
in CRS is limited to small randomized control trials and
case series with limited follow-up durations. The safety
profiles for these medications have been examined more
thoroughly in other diseases such as asthma and chronic
idiopathic urticaria.'® Table 1 details the side effects of
the biologics currently under investigation for use in
CRSwNP. The most common reactions are injection
site reactions (8%—45%) and headaches (6%—19%).'%*
Hypersensitivity reactions and anaphylaxis are reported
to occur in less than 1% of patients, but reactions can be
life-threatening.'® More serious reactions have been
reported with specific therapies. Dupilumab has been
associated  with  herpes  simplex  reactivation,
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conjunctivitis, and a risk of serum sickness.'®

Omalizumab is associated with a risk of cardiovascular
complications, including pulmonary embolism, deep
vein thrombosis, myocardial infarctions, and unstable
angina.'® Omalizumab additionally has been associated
with an increased risk of malignancy; however, recent
studies have shown that there is no increased rate of
cancer in asthma patients on long term (9 years) of
Omalizumab.'??

There are also significant costs associated with bio-
logic therapies, which direct costs range from $10 000 to
$40 000 annually.'®'7 If biologic therapies provide
patients with long-term improvements in disease control
and reduce the need for revision surgeries, biologics may
prove to be a cost-effective intervention. However, addi-
tional long-term studies are necessary before the cost-
effectiveness and value of biologic therapies in CRS
can be determined.

Conclusion

Biologics are a promising therapeutic for the personal-
ized treatment of patients with CRS. Targeted therapies
may help physicians tailor an appropriate therapy regi-
men with respect to inflammatory profile, such that
patients receive relief with decreased risks compared to
multiple revision surgeries or long-term corticosteroid
use. However, our limited understanding of the under-
lying pathophysiology and lack of objective biologic
markers of disease severity and treatment outcomes
relating to QOL remains a barrier to adequately select
and treat those patients in a personalized manner.
Further research is needed to determine the long-term
benefits and risks and safety profiles of currently avail-
able biologic therapies before they are recommended for
routine use. As the pathogenesis of CRS is increasingly
understood, biologics prescribed for similar inflammato-
ry processes, such as asthma and atopic dermatitis, may
serve as a starting point for future research in CRS. The
majority of biologic development has been focused on
eosinophilic and allergic CRS, suggesting that future
development should target Thl, Thl7, and nonecosino-
philic endotypes.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or publi-
cation of this article: Kristine A. Smith and David A.
Gabrielsen declare that they have no conflicts of interest;
Abigail Pulsipher has financial interests with GlycoMira
Therapeutics, Inc; Jeremiah A. Alt is a consultant for
Medtronic, Spirox, GlycoMira Therapeutics, Inc., AxioSonic,
and OptiNose.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
This work was supported by grant awards from the University
of Utah Program in Personalized Health and the National Center
for Advancing Translational Sciences (KL2TR001065; to J.A.A.),
National Institute of Allergy and Infectious Diseases (R43
Al126987-01; to A.P. and J.A.A.), and Flight Attendant
Medical Research Institute (CIA160008; to J.A.A. and A.P.).

References

1. Orlandi RR, Kingdom TT, Hwang PH, et al
International consensus statement on allergy and rhinol-
ogy: rhinosinusitis. [nt Forum Allergy Rhinol. 2016;6
(Suppl 1):S22-S209.

2. Fokkens WIJ, Lund VJ, Mullol J, et al. EPOS 2012:
European position paper on rhinosinusitis and nasal
polyps 2012. A summary for otorhinolaryngologists.
Rhinology. 2012;50(1):1-12.

3. Smith KA, Rudmik L. Medical therapy, refractory chron-
ic rhinosinusitis, and productivity costs. Curr Opin
Allergy Clin Immunol. 2017;17(1):5-11.

4. Smith KA, Orlandi RR, Rudmik L. Cost of adult chronic
rhinosinusitis: a systematic review. Laryngoscope.
2015;125(7):1547-1556.

5. Soler ZM, Wittenberg E, Schlosser RJ, Mace JC, Smith TL.
Health state utility values in patients undergoing endoscopic
sinus surgery. Laryngoscope. 2011;121(12):2672-2678.

6. Bachert C, Akdis CA. Phenotypes and emerging endo-
types of chronic rhinosinusitis. J Allergy Clin Immunol
Pract. 2016;4(4):621-628.

7. Stevens WW, Lee RJ, Schleimer RP, Cohen NA. Chronic
rhinosinusitis pathogenesis. J Allergy Clin Immunol.
2015;136(6):1442—1453.

8. Legrand F, Klion AD. Biologic therapies targeting eosi-
nophils: current status and future prospects. J Allergy
Clin Immunol Pract. 2015;3(2):167-174.

9. Pauwels B, Jonstam K, Bachert C. Emerging biologics for
the treatment of chronic rhinosinusitis. Expert Rev Clin
Immunol. 2015;11(3):349-361.

10. Fajt ML, Wenzel SE. Biologic therapy in asthma: enter-
ing the new age of personalized medicine. J Asthma.
2014;51(7):669-676.

11. Grundmann SA, Hemfort PB, Luger TA, Brehler R.
Anti-IgE (omalizumab): a new therapeutic approach for
chronic rhinosinusitis. J  Allergy  Clin  Immunol.
2008;121(1):257-258.

12. Pinto JM, Mehta N, DiTineo M, Wang J, Baroody FM,
Naclerio RM. A randomized, double-blind, placebo-con-
trolled trial of anti-IgE for chronic rhinosinusitis.
Rhinology. 2010;48(3):318-324.

13. Gevaert P, Calus L, Van Zele T, et al. Omalizumab is
effective in allergic and nonallergic patients with nasal
polyps and asthma. J Allergy Clin  Immunol.
2013;131(1):110-116 el 11.

14. Senior BA, Kennedy DW, Tanabodee J, Kroger H,
Hassab M, Lanza D. Long-term results of functional endo-
scopic sinus surgery. Laryngoscope. 1998;108(2):151-157.



Smith et al.

421

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Puxbaum H, Simeonov V, Kalina M, et al. Long-term
assessment of the wet precipitation chemistry in Austria
(1984-1999). Chemosphere. 2002;48(7):733-747.

Bachert C, Pawankar R, Zhang L, et al. ICON: chronic
rhinosinusitis. World Allergy Organ J. 2014;7(1):25.
Bachert C, Gevaert P, Hellings P. Biotherapeutics in
chronic Rhinosinusitis with and without nasal polyps.
J Allergy Clin Immunol Pract. 2017;5(6):1512-1516.

. Poetker DM, Reh DD. A comprehensive review of the

adverse effects of systemic corticosteroids. Otolaryngol
Clin North Am. 2010;43(4):753-768.

Chandra RK, Clavenna M, Samuelson M, Tanner SB,
Turner JH. Impact of omalizumab therapy on medication
requirements for chronic rhinosinusitis. Int Forum Allergy
Rhinol. 2016;6(5):472-4717.

Tomassen P, Vandeplas G, Van Zele T, et al
Inflammatory endotypes of chronic rhinosinusitis based
on cluster analysis of biomarkers. J Allergy Clin Immunol.
2016;137(5):1449-1456 e1444.

Wu D, Wang J, Zhang M. Altered Th17/Treg ratio in
nasal polyps with distinct cytokine profile: association
with patterns of inflammation and mucosal remodeling.
Medicine (Baltimore). 2016;95(10):¢2998.

Mahdavinia M, Suh LA, Carter RG, et al. Increased non-
eosinophilic nasal polyps in chronic rhinosinusitis in US
second-generation Asians suggest genetic regulation of
eosinophilia. J Allergy Clin Immunol. 2015;135(2):576-579.
Gevaert P, Van Bruaene N, Cattaert T, et al.
Mepolizumab, a humanized anti-IL-5 mAb, as a treat-
ment option for severe nasal polyposis. J Allergy Clin
Immunol. 2011;128(5):989-995 ¢981-988.

Gevaert P, Lang-Loidolt D, Lackner A, et al. Nasal IL-5
levels determine the response to anti-IL-5 treatment in
patients with nasal polyps. J Allergy Clin Immunol.
2006;118(5):1133-1141.

Bachert C, Mannent L, Naclerio RM, et al. Effect of
subcutaneous dupilumab on nasal polyp burden in
patients with chronic sinusitis and nasal polyposis: a ran-
domized clinical trial. JAMA. 2016;315(5):469-479.

Tian BP, Zhang GS, Lou J, Zhou HB, Cui W. Efficacy
and safety of benralizumab for eosinophilic asthma: a
systematic review and meta-analysis of randomized con-
trolled trials [published online ahead of print December 6,
2017. J Asthma. doi:10.1080/02770903.2017.1379534
Imaoka H, Campbell H, Babirad I, et al. TPI ASMS
reduces eosinophil progenitors in sputum after allergen
challenge. Clin Exp Allergy. 2011;41(12):1740—-1746.
Rosenwasser LJ, Zimmermann N, Hershey GK, Foster
PS, Rothenberg ME. Chemokines in asthma: cooperative
interaction between chemokines and 1L-13. J Allergy Clin
Immunol. 2003;111(2):227-242.

Gonzalo JA, LLoyd CM, Wen DY, et al. The coordinat-
ed action of CC chemokines in the lung orchestrates aller-
gic inflammation and airway hyperresponsiveness. J Exp
Med. 1998;188(1):157-167.

Belliveau PP. Omalizumab: a monoclonal anti-IgE anti-
body. MedGenMed. 2005;7(1):27.

Arm JP, Bottoli I, Skerjanec A, et al. Pharmacokinetics,
pharmacodynamics and safety of QGEO031 (ligelizumab),

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

a novel high-affinity anti-IgE antibody, in atopic subjects.
Clin Exp Allergy. 2014;44(11):1371-1385.

Harris JM, Cabanski CR, Scheerens H, et al. A random-
ized trial of quilizumab in adults with refractory chronic
spontaneous urticaria. J Allergy Clin  Immunol.
2016;138(6):1730-1732.

Kau AL, Korenblat PE. Anti-interleukin 4 and 13 for
asthma treatment in the era of endotypes. Curr Opin
Allergy Clin Immunol. 2014;14(6):570-575.

Gauvreau GM, O’Byrne PM, Boulet LP, et al. Effects of
an anti-TSLP antibody on allergen-induced asthmatic
responses. N Engl J Med. 2014;370(22):2102-2110.
Paller AS, Kabashima K, Bieber T. Therapeutic pipeline
for atopic dermatitis: end of the drought? J Allergy Clin
Immunol. 2017;140(3):633-643.

Reinisch W, de Villiers W, Bene L, et al. Fontolizumab in
moderate to severe Crohn’s disease: a phase 2, random-
ized, double-blind, placebo-controlled, multiple-dose
study. Inflamm Bowel Dis. 2010;16(2):233-242.

Prof FL, Allen C, De Benedetti F, et al. A novel targeted
approach to the treatment of hemophagocytic lymphobhis-
tiocytosis (HLH) with an anti-interferon gamma (IFNy)
monoclonal antibody (mAb), NI-0501: first results from a
pilot phase 2 study in children with primary HLH. Blood.
2015;126(23):LBA-3.

Werth VP, Fiorentino D, Sullivan BA, et al. Brief report:
pharmacodynamics, safety, and clinical efficacy of AMG
811, a human anti-interferon-gamma antibody, in
patients with discoid lupus erythematosus. Arthritis
Rheumatol. 2017;69(5):1028-1034.

Rondeau JM, Ramage P, Zurini M, Gram H. The
molecular mode of action and species specificity of
canakinumab, a human monoclonal antibody neutraliz-
ing IL-1beta. M Abs. 2015;7(6):1151-1160.

Owyang AM, Issafras H, Corbin J, et al. XOMA 052, a
potent, high-affinity monoclonal antibody for the treatment
of IL-1beta-mediated diseases. MAbs. 2011;3(1):49-60.
Sloan-Lancaster J, Abu-Raddad E, Polzer J, et al. Double-
blind, randomized study evaluating the glycemic and
anti-inflammatory effects of subcutaneous LY2189102, a
neutralizing IL-1beta antibody, in patients with type 2 dia-
betes. Diabetes Care. 2013;36(8):2239-2246.

Kapur S, Bonk ME. Rilonacept (arcalyst), an interleukin-
1 trap for the treatment of cryopyrin-associated periodic
syndromes. P T. 2009;34(3):138-141.

Medicine UNLo. ClinicalTrials.gov. https://clinicaltrials.
gov/. Published 2018. Accessed June 25, 2018.
Fleischmann R, Stern R, Igbal I. Anakinra: an inhibitor
of IL-1 for the treatment of rheumatoid arthritis. Expert
Opin Biol Ther. 2004;4(8):1333—1344.

Goldstein MH, Martel JR, Sall K, et al. Multicenter
study of a novel topical interleukin-1 receptor inhibitor,
isunakinra, in subjects with moderate to severe dry eye
disease. Eye Contact Lens. 2017;43(5):287-296.

Ma JD, Heavey SF, Revta C, Roeland EJ. Novel inves-
tigational biologics for the treatment of cancer cachexia.
Expert Opin Biol Ther. 2014;14(8):1113-1120.

Shirley M. Daclizumab: a review in relapsing multiple
sclerosis. Drugs. 2017;77(4):447-458.


https://clinicaltrials.gov/
https://clinicaltrials.gov/

422

American Journal of Rhinology & Allergy 32(5)

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

Kapic E, Becic F, Kusturica J. Basiliximab, mechanism of
action and pharmacological properties. Med Arh.
2004;58(6):373-376.

Soci¢ G, Vigouroux S, Yakoub-Agha I, et al. A phase III
randomized trial comparing Inolimomab vs. usual care in
steroid-resistant acute GVHD. Blood. 2017;129(5):643-649.
Kaminetzky D, Hymes KB. Denileukin diftitox for the
treatment of cutaneous T-cell lymphoma. Biologics.
2008;2(4):717-724.

ADCT-301—a novel antibody-drug conjugate against
lymphomas—moves into phase I clinical trial. https://
adcreview.com/editorial/adct-301-a-novel-antibody-drug-
conjugate-against-lymphomas-moves-into-phase-i-clini
cal-trial/. Accessed June 25, 2018.

Rovin BH, van Vollenhoven RF, Aranow C, et al. A mul-
ticenter, randomized, double-blind, placebo-controlled
study to evaluate the efficacy and safety of treatment
with sirukumab (CNTO 136) in patients with active
lupus nephritis. Arthritis Rheumatol. 2016;68(9):2174-2183.
Bristol-Myers Squibb. Promising phase IIb data on cla-
zakizumab in patients with moderate-to-severe rheuma-
toid arthritis to be presented at the 2013 Annual Meeting
of the American College of Rheumatology. https://news.
bms.com/press-release/financial-news/promising-phase-
iib-data-clazakizumab-patients-moderate-severe-rheu
mato. Accessed June 25, 2018.

Gerilimzumab. http://bciq.biocentury.com/products/
argx-109. Published 2017. Accessed June 25, 2018.
Olokizumab. http://bciq.biocentury.com/products/
cdp6038. Published 2017. Accessed June 25, 2018.
Fulciniti M, Hideshima T, Vermot-Desroches C, et al. A
high-affinity fully human anti-IL-6 mAb, 1339, for the
treatment of multiple myeloma. Clin Cancer Res.
2009;15(23):7144-7152.

Business Wire. Femta Pharmaceuticals announces IND
filing of FM101, a novel monoclonal antibody targeting
IL-6 with potent anti-inflammatory activity. https://www.
businesswire.com/news/home/20110801005080/en/
Femta-Pharmaceuticals-Announces-IND-Filing-FM101-
Monoclonal. Published 2011. Accessed June 25, 2018.
EBI-031.  http://bciq.biocentury.com/products/ebi-031.
Published 2017. Accessed June 25, 2018.

Oldfield V, Dhillon S, Plosker GL. Tocilizumab: a review
of its use in the management of rheumatoid arthritis.
Drugs. 2009;69(5):609-632.

Huizinga TW, Fleischmann RM, Jasson M, et al
Sarilumab, a fully human monoclonal antibody against
IL-6Ralpha in patients with rheumatoid arthritis and an
inadequate response to methotrexate: efficacy and safety
results from the randomised SARIL-RA-MOBILITY
Part A trial. Ann Rheum Dis. 2014;73(9):1626—1634.
Vobarilizumab.  https://bciq.biocentury.com/products/
alx-0061. Published 2017. Accessed June 25, 2018.
Sapelizumab.  http://en.pharmacodia.com/web/drug/1_
9708.html. Published 2017. Accessed June 25, 2018.
Olamkicept. http://bciq.biocentury.com/products/fe_
999301. Published 2017. Accessed June 25, 2018.

Frieder J, Kivelevitch D, Haugh I, Watson I, Menter A.
Anti-IL-23 and anti-IL-17 biologic agents for the

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

treatment of immune-mediated inflammatory conditions.
Clin Pharmacol Ther. 2018;103(1):88-101.

Jaleel T, Elmets C, Weinkle A, Kassira S, Elewski B.
Secukinumab (AIN-457) for the treatment of Psoriasis.
Expert Rev Clin Pharmacol. 2016;9(2):187-202.

Wiendl H., Dahlke F, Bennett D, Rosenkranz G, Wolf C,
Bar-Or A. IL-17 neutralization by subcutaneous
CIJM112, a fully human anti IL-17A monoclonal anti-
body for the treatment of relapsing-remitting multiple
sclerosis: study design of a phase 2 trial. Poster presented
at: ECTRIMS Online Library; October 8, 2015.

Torres T, Romanelli M, Chiricozzi A. A revolutionary
therapeutic approach for psoriasis: bispecific biological
agents. Expert Opin Investig Drugs. 2016;25(7):751-754.
Glatt S, Baeten D, Baker T, et al. Dual IL-17A and IL-
17F neutralisation by bimekizumab in psoriatic arthritis:
evidence from preclinical experiments and a randomised
placebo-controlled clinical trial that IL-17F contributes
to human chronic tissue inflammation. Ann Rheum Dis.
2018;77(4):523-532.

Puig L. Brodalumab: the first anti-IL-17 receptor agent
for psoriasis. Drugs Today (Barc). 2017;53(5):283-297.
Pfizer. Study to evaluate the safety and efficacy of ILV-
094 in subjects with rheumatoid arthritis. https://clinical
trials.gov/ct2/show/NCT00883896?term=nct00883896&
rank=1. Accessed June 25, 2018.

Ciccia F, Giardina A, Rizzo A, et al. Rituximab modu-
lates the expression of IL-22 in the salivary glands of
patients with primary Sjogren’s syndrome. Ann Rheum
Dis. 2013;72(5):782-783.

AdisInsight. Rituximab. http://adis.springer.com/drugs/
800004275. Published 2017. Accessed June 25, 2018.
Yamagata T, Skepner J, Yang J. Targeting Th17 effector
cytokines for the treatment of autoimmune diseases. Arch
Immunol Ther Exp (Warsz). 2015;63(6):405-414.
arGEN-X. arGEN-X announces preclinical development
of ARGX-112 for dermatology. https://www.prnewswire.
com/news-releases/argen-x-announces-preclinical-develop
ment-of-argx-112-for-dermatology-199825571.html.
Published 2013. Accessed June 25, 2018.

Ding C, Xu J, Li J. ABT-874, a fully human monoclonal
anti-IL-12/IL-23 antibody for the potential treatment of
autoimmune diseases. Curr Opin Investig  Drugs.
2008;9(5):515-522.

Papp KA, Blauvelt A, Bukhalo M, et al. Risankizumab
versus ustekinumab for moderate-to-severe plaque psori-
asis. N Engl J Med. 2017;376(16):1551-1560.

Reich K, Papp KA, Blauvelt A, et al. Tildrakizumab
versus placebo or etanercept for chronic plaque psoriasis
(reSURFACE 1 and reSURFACE 2): results from two
randomised controlled, phase 3 trials. Lancet.
2017;390(10091):276-288.

Gordon KB, Duffin KC, Bissonnette R, et al. A phase 2
trial of guselkumab versus adalimumab for plaque psori-
asis. N Engl J Med. 2015;373(2):136—144.

Sands BE, Chen J, Feagan BG, et al. Efficacy and safety
of MEDI2070, an antibody against interleukin 23, in
patients with moderate to severe Crohn’s disease: a
phase 2a study. Gastroenterology. 2017;153(1):77-86 ¢76.


https://adcreview.com/editorial/adct-301-a-novel-antibody-drug-conjugate-against-lymphomas-moves-into-phase-i-clinical-trial/
https://adcreview.com/editorial/adct-301-a-novel-antibody-drug-conjugate-against-lymphomas-moves-into-phase-i-clinical-trial/
https://adcreview.com/editorial/adct-301-a-novel-antibody-drug-conjugate-against-lymphomas-moves-into-phase-i-clinical-trial/
https://adcreview.com/editorial/adct-301-a-novel-antibody-drug-conjugate-against-lymphomas-moves-into-phase-i-clinical-trial/
https://news.bms.com/press-release/financial-news/promising-phase-iib-data-clazakizumab-patients-moderate-severe-rheumato
https://news.bms.com/press-release/financial-news/promising-phase-iib-data-clazakizumab-patients-moderate-severe-rheumato
https://news.bms.com/press-release/financial-news/promising-phase-iib-data-clazakizumab-patients-moderate-severe-rheumato
https://news.bms.com/press-release/financial-news/promising-phase-iib-data-clazakizumab-patients-moderate-severe-rheumato
http://bciq.biocentury.com/products/argx-109
http://bciq.biocentury.com/products/argx-109
http://bciq.biocentury.com/products/cdp6038
http://bciq.biocentury.com/products/cdp6038
https://www.businesswire.com/news/home/20110801005080/en/Femta-Pharmaceuticals-Announces-IND-Filing-FM101-Monoclonal
https://www.businesswire.com/news/home/20110801005080/en/Femta-Pharmaceuticals-Announces-IND-Filing-FM101-Monoclonal
https://www.businesswire.com/news/home/20110801005080/en/Femta-Pharmaceuticals-Announces-IND-Filing-FM101-Monoclonal
https://www.businesswire.com/news/home/20110801005080/en/Femta-Pharmaceuticals-Announces-IND-Filing-FM101-Monoclonal
http://bciq.biocentury.com/products/ebi-031
https://bciq.biocentury.com/products/alx-0061
https://bciq.biocentury.com/products/alx-0061
http://en.pharmacodia.com/web/drug/1_9708.html
http://en.pharmacodia.com/web/drug/1_9708.html
http://bciq.biocentury.com/products/fe_999301
http://bciq.biocentury.com/products/fe_999301
https://clinicaltrials.gov/ct2/show/NCT00883896?term&hx003D;nct00883896&hx0026;rank&hx003D;1
https://clinicaltrials.gov/ct2/show/NCT00883896?term&hx003D;nct00883896&hx0026;rank&hx003D;1
https://clinicaltrials.gov/ct2/show/NCT00883896?term&hx003D;nct00883896&hx0026;rank&hx003D;1
https://clinicaltrials.gov/ct2/show/NCT00883896?term&hx003D;nct00883896&hx0026;rank&hx003D;1
https://clinicaltrials.gov/ct2/show/NCT00883896?term&hx003D;nct00883896&hx0026;rank&hx003D;1
http://adis.springer.com/drugs/800004275
http://adis.springer.com/drugs/800004275
https://www.prnewswire.com/news-releases/argen-x-announces-preclinical-development-of-argx-112-for-dermatology-199825571.html
https://www.prnewswire.com/news-releases/argen-x-announces-preclinical-development-of-argx-112-for-dermatology-199825571.html
https://www.prnewswire.com/news-releases/argen-x-announces-preclinical-development-of-argx-112-for-dermatology-199825571.html

Smith et al.

423

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

ClinicalTrials.gov. A study of mirikizumab (LY 3074828)
in participants with active Crohn’s disease (SERENITY).
https://clinicaltrials.gov/ct2/show/NCT02891226.
Published 2017. Accessed June 25, 2018.

AdisInsight. A phase I study to determine the safety, tol-
erability, pharmacokinetics and pharmacodynamics of a
single ascending dose of BMS-938790 in healthy subjects.
http://adisinsight.springer.com/trials/700260649.
Published 2017. Accessed June 25, 2018.

Para AJ, Clayton E, Peters AT. Management of rhinosi-
nusitis: an evidence based approach. Curr Opin Allergy
Clin Immunol. 2016;16(4):383-389.

Laviolette M, Gossage DL, Gauvreau G, et al. Effects of
benralizumab on airway eosinophils in asthmatic patients
with sputum eosinophilia. J Allergy Clin Immunol.
2013;132(5):1086-1096 e1085.

Gandhi NA, Pirozzi G, Graham NMH. Commonality of
the IL-4/IL-13 pathway in atopic diseases. Expert Rev
Clin Immunol. 2017;13(5):425-437.

Rudmik L, Soler ZM. Medical therapies for adult chronic
sinusitis: a systematic review. JAMA.
2015;314(9):926-939.

Hong CJ, Tsang AC, Quinn JG, Bonaparte JP, Stevens
A, Kilty SJ. Anti-IgE monoclonal antibody therapy for
the treatment of chronic rhinosinusitis: a systematic
review. Syst Rev. 2015;4:166.

Bachert C, Zhang L, Gevaert P. Current and future treat-
ment options for adult chronic rhinosinusitis: focus on
nasal polyposis. J Allergy Clin Immunol. 2015;136(6):
1431-1440; quiz 1441.

Padia R, Curtin K, Peterson K, Orlandi RR, Alt J.
Eosinophilic esophagitis strongly linked to chronic rhino-
sinusitis. Laryngoscope. 2016;126(6):1279-1283.

Croft M, So T, Duan W, Soroosh P. The significance of
0X40 and OX40L to T-cell biology and immune disease.
Immunol Rev. 2009;229(1):173-191.

Corren J, Parnes JR, Wang L, et al. Tezepelumab in
adults with uncontrolled asthma. N Engl J Med.
2017;377(10):936-946.

Liu T, Li TL, Zhao F, et al. Role of thymic stromal
lymphopoietin in the pathogenesis of nasal polyposis.
Am J Med Sci. 2011;341(1):40-47.

Paul WE, Zhu J. How are T(H)2-type immune responses
initiated and  amplified? Nat  Rev  Immunol.
2010;10(4):225-235.

Radonjic-Hoesli S, Valent P, Klion AD, Wechsler ME,
Simon HU. Novel targeted therapies for eosinophil-
associated diseases and allergy. Annu Rev Pharmacol
Toxicol. 2015;55:633-656.

94.

95.

96.

97.

98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

Gately MK, Renzetti LM, Magram J, et al. The
interleukin-12/interleukin-12-receptor system: role in
normal and pathologic immune responses. Annu Rev
Immunol. 1998;16:495-521.

Ellis TN, Beaman BL. Interferon-gamma activation of
polymorphonuclear neutrophil function. Immunology.
2004;112(1):2-12.

Skroza N, Proietti I, Pampena R, et al. Correlations
between psoriasis and inflammatory bowel diseases.
BioMed Research International. 2013;2013:8.
Eidenschenk C, Rutz S, Liesenfeld O, Ouyang WJ. Role
of IL-22 in microbial host defense. Curr Top Microbiol.
2014;380:213-236.

Lacy SE, Wu C, Ambrosi DJ, et al. Generation and char-
acterization of ABT-981, a dual variable domain immu-
noglobulin (DVD-Ig(TM)) molecule that specifically and
potently neutralizes both IL-1alpha and IL-1beta. M Abs.
2015;7(3):605-619.

Biocentury. Vobarilizumab (ALX-0061). https://bciq.bio
century.com/products/alx-0061. Accessed June 25, 2018.
Agency EM. EMA restricts use of multiple sclerosis med-
icine Zinbryta. http://www.ema.europa.eu/ema/index.jsp?
curl=pages/news_and_events/news/2017/07/news_detail
002773.jsp&mid=WC0b01ac058004d5c1. Published 2017.
Accessed June 25, 2018.

Cingoz O. Ustekinumab. M Abs. 2009;1(3):216-221.
Rashid RM, Miller A, Scianna JM, Stankiewicz JA.
Chronic rhinosinusitis and psoriasis: do mutually exclu-
sive systemic Thl and Th2 disease patterns exist? Acta
Otolaryngol. 2007;127(7):780-783.

Chandra RK, Lin D, Tan B, et al. Chronic rhinosinusitis
in the setting of other chronic inflammatory diseases. 4m
J Otolaryngol. 2011;32(5):388-391.

UptoDate. https://www.uptodate.com/. Published 2018.
Accessed June 25, 2018.

Di Bona D, Fiorino I, Taurino M, et al. Long-term “real-
life” safety of omalizumab in patients with severe uncon-
trolled asthma: study. Respir Med.
2017;130:55-60.

Sims B. Omalizumab: a new treatment for the manage-
ment of asthma. http://www.clevelandclinicmeded.com/
medicalpubs/pharmacy/janfeb2004/omalizumab.htm.
Published 2004. Accessed June 25, 2018.

Santye L. Dupilumab FDA approved for treatment of
atopic dermatitis. https://www.specialtypharmacytimes.
com/news/dupilumab-fda-approved-for-treatment-of-
atopic-dermatitis.  Published 2017. Accessed June
25, 2018.

a nine-year


https://clinicaltrials.gov/ct2/show/NCT02891226
http://adisinsight.springer.com/trials/700260649
https://bciq.biocentury.com/products/alx-0061
https://bciq.biocentury.com/products/alx-0061
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
http://www.ema.europa.eu/ema/index.jsp?curl&hx003D;pages/news_and_events/news/2017/07/news_detail_002773.jsp&hx0026;mid&hx003D;WC0b01ac058004d5c1
https://www.uptodate.com/.
http://www.clevelandclinicmeded.com/medicalpubs/pharmacy/janfeb2004/omalizumab.htm
http://www.clevelandclinicmeded.com/medicalpubs/pharmacy/janfeb2004/omalizumab.htm
https://www.specialtypharmacytimes.com/news/dupilumab-fda-approved-for-treatment-of-atopic-dermatitis
https://www.specialtypharmacytimes.com/news/dupilumab-fda-approved-for-treatment-of-atopic-dermatitis
https://www.specialtypharmacytimes.com/news/dupilumab-fda-approved-for-treatment-of-atopic-dermatitis

	table-fn1-1945892418787132
	table-fn2-1945892418787132
	table-fn3-1945892418787132
	table-fn4-1945892418787132
	table-fn5-1945892418787132
	table-fn6-1945892418787132
	table-fn7-1945892418787132
	table-fn8-1945892418787132
	table-fn9-1945892418787132
	table-fn10-1945892418787132
	table-fn11-1945892418787132

